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F THE many references in the literature (Ensminger et al., 1944; Miller et al., ~943; Booher, Hartzler and Hewston, x94~; Hughes, I94t; Pyke, I94o; Waisman and Elvejhem, x94I ) which indicate that pork muscle is an excellent source of thiamine, only four give information on the feed the pigs had received. Hughes (i94i) reported that the pig is unable to synthesize thiamine and that the amount of this vitamin in pork muscle is related to the amount of thiamine ingested. These findings have been corroborated by Ensminger et al. (i944) , and by Miller et al. (I943) , who fed rations containing controlled amounts of thiamine at different levels. Pyke (I94O) , who tested the thiamine content of various pig muscles using the thiochrome method, found the muscle from "swill-fed" pigs to contain less thiamine than muscle from pigs fed "a normal commercial meal." He coneluded that "a good pig ration" supplies all the thiamine that the animal is capable of storing.
It appears that additional data on the thiamine content of pork muscle from pigs of known dietary history are needed.
Around certain of the larger centers of population in the United States, human food wastes may be an important factor in the fattening of hogs. A survey made by Stolting (~941) has indicated that the number of swine annually fed on garbage is probably around one and a quarter million head, and that nearly half of these are fed exclusively on garbage. In the war years, grains became more costly, and with the establishment of the various military posts more garbage has been awilable for feeding purposes. Especially is this true on the Island of Oahu, in the Hawaiian Islands where relatively large quantities of garbage have always been so used. It is estimated that this material constitutes 75 to 9o percent of the feed during much of the growing and fattening period for most of the pigs marketed on this Island. Feeding practices vary according to the source of the garbage and the age of the pigs. Some pig raisers use grains with the garbage for sows and young pigs only; others use small quantities of grain for all pigs, usually when the garbage appears to be of poor quality.
To add to the knowledge of human nutrition, the thiamine content of animal products produced under diverse conditions and in different areas of the United States should be investigated as a corollary of the similar studies now being made on many other foods not of animal origin. As a contribution to this aim the experiments reported here were planned to compare the thiamine content of pork shoulder muscles from garbage,fed pigs with that of grain-fed pigs, with two commercially canned pork products, and with values given in the literature. Since few data are available (Miller et al., i943; Booher et al., i94:~ ) on the thiamine content of pork liver, the study was planned to include assays of liver from pigs fed both types of diet.
Experimental

Selection, Care, and Feeding of Experimental Pigs
The pork tissues used in the thiamine assays were obtained from animals that were used in a series of fattening experiments at the University Farm designed to ascertain the concentrate-replacing value of garbage.
All pigs were castrated males except No. ~b which was a female, Pigs I Pigs 3 and 4 were animals used in trial 9 of the feeding experiment to determine the concentrate replacing value of garbage. numbered Ia, ib, and ~a were pure Berkshires, Nos. eb, 3, and 4 were Tamworth-Berkshire crossbreds.
From weaning until the beginning of the fattening experiment, the pigs were given what was considered a good pig ration containing a mixture of grains, and fish meal or tankage, such as is commonly recommended for young pigs.
Data on the quantities of the rations fed, the period of feeding, and the weights of the pigs at the beginning and end of the fattening experiments are given in table i.
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During the fatten/ng experiment four pigs were housed together. A green legume feed, "Koa haole" (Leucaena glauca) was fed at the rate of one pound daily to each pig. The main feed stuff of pigs Ia, ib, and 3 was a mixed concentrate as follows: 64 pounds steamed rolled barley, 2o pounds cane molasses, 7 pounds tankage, 7 pounds soybean oil meal, i pound each of steamed bonemeal and salt. Pigs 2a, 2b, and 4 received the same quantity and kind of green feed stuff and a small amount of concentrate as shown in table I. However, the principal food of pigs 2a and ~b was garbage obtained from the University Cafeteria, that of No. 4 was garbage from a military cafeteria. In this paper the pigs receiving only the concentrate are referred to as "grain fed" and those receiving some grain but mainly garbage as "garbage fed."
Pigs numbered ia, ib, ~a, and 2b were slaughtered at approximately 7~ months of age after 86 days on the experimental diet, and Nos. 3 and 4 at about 6 months of age after 7I days on the experimental diet (table i). They were killed at a local slaughter-house about i: oo A.M. The livers and should, ers were obtained from the wholesaler before noon of the same day.
Chemical Analyses of Feeds and Meat
The methods used in all chemical analyses were those recommended by the Association of Otficial Agricultural Chemists (I94o).
Chemical analyses of five composite samples of garbage showed it to conrain an average of 29.~ percent dry matter, 2o.8 percent of protein, 32.6 percent of ether extract, 2.3 percent crude fiber, 3.5 percent ash and 4o, 7 percent N-free extract. Analyses of two composite samples of the concentrate mixture showed it to contain an average of 84.6 percent dry matter, I5.~ percent of protein, 2 percent ether extract, 4.9 percent crude fiber, 67.7 percent N-free matter, and io.2 percent ash.
All pork shoulder samples, and the canned products, were analyzed for moisture, fat, and protein (table 2). Only the protein is reported for the liver samples.
Preparation of the Samples for Vitamin Assay
Equal quantities of cooked liver from the grain-fed pigs ~a and lb were combined, ground and mixed (Liver ~, cooked, table 3). Equal quantities of liver from the garbage-fed pigs 2a and 2b were combined. One-half of this composite sample was ground and mixed in the raw state (Liver 2, raw, table 3), the other half was cooked, ground and mixed (Liver 2, cooked, table 3). Slices of liver about one-half inch thick were fried in deep fat (mixed vegetable oils and fats) for 5 minutes at a temperature of about 35o ~ F. (about i77 ~ C.).
The pork shoulders were cuts as commonly made in Hawaii and varied in weight from 6.~ to 9.~ pounds. One shoulder each from grain-fed pigs Nos. ia and lb was freed of all visible fat in the raw state. Equal quantities of a composite of all the lean meat from each shoulder were combined, ground, and thoroughly mixed (Pork shoulder i, raw, * Samples numbered ~ and 3 were from grain-fed pigs, Samples 2 and 4 from garbage-fed pigs.
until the inserted meat thermometers registered a temperature of I85 ~ F.
(85 ~ C.). In each case this required approximately 3 hours (average for roasts--3 hours and Io minutes.)~ No water or salt was added during the cooking. The shoulders were cooled and stored overnight in an electric refrigerator at about 40 ~ F. For cooked samples No. i and No. e equal quantities of a composite of all the lean pork freed of visible fat were combined from each of two shoulders, mixed, ground, and stored as for the raw pork. Samples 3 and 4 each represented all the lean meat from a single shoulder prepared as were the other samples. All samples were stored in glass bottles in the freezing units of gas or electric refrigerators.
Two brands of commercially canned pork were also tested for thiamine. According to the labels on the cans, sample No. ~ was ground pork shoulder meat with ham meat added and salt, sugar, sodium nitrite and flavoring, and No. 6 was chopped ham, salt, sugar, sodium nitrate and sodium nitrite. New cans purchased at different retail markets were opened each week, The meat was removed from the cans and stored in glass under the freezing unit of the refrigerator.
Biological Tests
A sufficient number of rats were not available at one time to assay the thiamine content in both the raw and cooked conditions of each kind of meat from the two lots of pigs. Consequently, as shown in table 3 series I, the liver from the grain-fed pigs was given to the rats in the cooked form, while that from the garbage-fed pigs was assayed both raw and cooked. In series II, shoulder muscles from grain-fed pigs were fed to the rats in both the raw and the cooked states. All other thiamine determinations on shoulder muscles from both lots of pigs were obtained from the cooked material only.
The thiamine values were determined by the biological method described by Miller (1943) . The larger samples were fed 6 times and the smaller samples, 3 times a week. The final results of the feeding experiments are summari~d in table 3. The quantities of raw and cooked lean pork shoulder fed in series I, were so large that the weight gains of the rats (data not included to save space) were beyond the accurate portion of the curve of response, therefore, the feeding tests were repeated in series II. Because the thiamine values for raw and cooked lean pork muscle were smaller than those reported in the literature, it was thought there might have been some destruction of thiamine due to the long period of storage and the fact that the frozen samples were once slightly thawed because of failure of the refrigerating system. Also the standard errors of the mean gains show that the growth responses were much less uniform than usual after a second depletion of thiamine stores, although the "t" values indicate the results to be highly significant. However, a third series of feeding experiments using a fresh source of cooked pork muscle (samples 3 and 4, table 3) yielded values within io percent of those in series II.
Results and Discussion
Pork liver lost approximately 40 percent in weight as a result of frying The data for raw and cooked liver No. 2 indicate that approximately 52 percent of the thiamine was destroyed as a result of cooking. According to the experiment, cooked pork liver No. i from grain,fed pigs contained approximately 8~ percent more thiamine than cooked pork liver No. 2 from garbage-fed pigs.
The lean portion of the shoulders trimmed free of visible fat constituted 35 to 40 percent of the raw weight and ~o to ~ percent of the cooked weight.
On the basis of cooked and uncooked weights for the whole shoulders the loss in weight as a result of cooking was from 25 to 3o percent. It is im. possible to determine the weight lost by the lean portion only but assuming that it is about 27 percent and using the thiamine values for sample No. i in the raw and in the cooked states, it may be calculated that the loss due to cooking is about ~9 percent. If the thiamine values of the protein portion of the raw and cooked samples are calculated and compared, the loss in thiamine which resulted from cooking also appears to be nearly 59 percent. This relatively large loss may be the result of the cooking period of more than 3 hours which was required to bring the interior of the roasts to a temperature of I85 ~ F. The destruction of thiamine in fresh pork roasts reported in the literature (Booher et al., 1942; Waisman and Elvejhem, i941 ) seems to have been determined only on pork loins which were cooked a much shorter period.
The findings here reported suggest that a difference may exist in the original thiamine content of pork shoulder and loin.
A comparison of the thiamine values for the cooked pork shoulder samples (No. I with No. ~ and No. 3 with No. 4, table 3) indicates that the lean meat from grain-fed pigs contains approximately 47 percent more thiamine than that from garbage-fed pigs.
The values of 4o0 micrograms and 3~o micrograms per ioo grams for the two commercial samples of canned pork are somewhat less than those reported for similar products by the Bureau of Home Economics, U. S. Department of Agriculture (Booher et al., I94e) . The values for the commercial samples are equal to or greater than the values determined for lean pork shoulder from grain,fed pigs, when the protein and fat contents of the commercial samplers are considered.
The thiamine values for raw and cooked lean pork given here (table 3) are lower than most of those reported in the literature (Booher et al., I94:z; Pyke, 194o; Waisman and Elvejhem, i94i ) . If the thiamine content of pork tissues is dependent upon the thiamine content of the rations fed the pigs then it is obvious that even our grain-fed pigs must have received less thiamine than most of the pigs whose tissues have been assayed by others. From the standpoint of human nutrition, the importance of the work here reported lies in the finding that when the ration of the hog largely consists of garbage throughout the entire fattening period, the recognized value of pork muscle as a good source of thiamine may be considerably reduced. In addition, data are needed to show how long a time it is necessary to feed gains or some other good source of thiamine after a period of garbage feeding in order to bring the thiamine content of pork muscle to a max/mum. This experiment is being repeated in much greater detail and the preliminary results are in line with those here reported.
Summary and Conclusions
Pork tissues (raw and choked) from pigs fed garbage and from pigs fed a concentrate mixture were assayed for thiamine by the rat growth method. Two commercially canned ground pork products were also tested. Samples fed were analyzed for moisture, fat and protein.
According to the experiments herein reported it was found that: 1. Slices of pork liver fried in deep fat at 3~o ~ F. (about 177 ~ C.) for ~ minutes lost 5e percent of their original thiamine content. There was a loss of nearly 59 percent of the thiamine in lean pork muscles when pork shoulders weighing 6.5 to 9.5 pounds were roasted for about 3 hours at an oven temperature of 35o ~ F. (about I77 ~ C.). =. Cooked pork liver from grain-fed pigs contained 348 micrograms thiamine per xoo grams or about 8~ percent more of the vitamin than the 138 micrograms thiamine per ioo grams in the cooked livers of garbage,fed pigs. 3. The ~oo micrograms thiamine per ioo grams of cooked lean shoulder muscles from grain-fec~ pigs was about 47 percent greater than the 34o micrograms thiamine per ioo grams of cooked lean shoulder muscles from garbage-fed pigs. 4. Two commercially canned ground pork products compared favorably with the grain-fed samples when the higher fat contents of the former were considered.
